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Abstract
We study the novel decays B∗ → B γ γ and D∗ → Dγ γ using the frame-
work of the Heavy Meson Chiral Lagrangian (HMχL) to leading order in chiral
perturbation theory. The branching ratios of these decays are expressed in
terms of the strong gB∗(D∗)B(D)pi and the electromagnetic gB∗(D∗)B(D)γ cou-
plings, thus providing a possible tool for their determination. In the charm
case, using the experimentally determined ratios (D∗0,+ → Dpi)/(D∗0,+ →
Dγ), we are able to express the branching ratio as a function of the strong
coupling only. We thus find 1.6 × 10−6 < Br(D∗0 → D0 γ γ ) < 3.3 × 10−5
for 0.25 < g < 1, where g is the strong coupling of HMχL. In the beauty
sector, the Br(B∗0 → B0 γ γ ) which we estimate to be in the 10−7 − 10−5
range is a function of both gB∗Bpi and gB∗Bγ . Its behaviour does not afford an
unambiguous determination of these couplings except for the region of high
g values like g > 0.6. The expected two-photon differential distributions are
presented for both B∗0 → B0 γ γ and D∗0 → D0 γ γ , for different values of
the couplings involved.
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I. INTRODUCTION
The heavy vector mesons B∗ and D∗ (of spin-parity 1−) decay via spin-flip electromag-
netic or strong interactions to the well studied pseudoscalar ground states B and D. The
decays of D∗ are known to proceed either as a strong transition D∗ → Dπwith a final pion
with momentum of about 40MeV or as an electromagnetic one D∗ → Dγ , with a final
photon with momentum of about 140MeV. The situation is different for B∗ which has a
mass of 5324.9±1.8 MeV; since the mass difference MB∗−MB is only 45.8 MeV, there is no
strong B∗ decay and the radiative process B∗ → B γ is the dominant decay mode for B∗.
In the present paper we study another possible electromagnetic decay, the two-photon
decay processes B∗ → B γ γ and D∗ → D γ γ which were not considered previously in the
literature. In addition to the intrinsic interest in these novel modes, we point out that their
study could provide information on the strong couplings gB∗Bpi and gD∗Dpi and on the elec-
tromagnetic ones gB∗Bγ , gD∗Dγ. The strong couplings are directly related to the basic strong
coupling g of the effective heavy meson chiral Lagrangian, which describes the interactions
of heavy mesons with low-momentum pions.
There is a major dissimilarity between the possibility of measuring the couplings in the
charm and beauty sectors, as a result of the different mass difference between the respec-
tive vector and pseudoscalar mesons. In the charm sector, the experimentally measured
branching ratios of the D∗0, D∗+ decays into the allowed Dπ and Dγ modes lead to re-
lations between gD∗Dpi and gD∗Dγ . Henceforth, the D
∗ → D γ γ decay under study here is
expressible in terms of the strong coupling only and would provide a convenient tool for its
measurement.
On the other hand, in the beauty sector where the B∗ → B π decay is forbidden by phase
space, the gB∗Bpi coupling is not directly accessible. And although the B
∗ → B γ decay is
experimentally detected, the direct measurement of its strength is an unlikely proposition
at present, in view of the smallness of the expected value of its decay width.
However, as we show in this paper, the two photon decay B∗ → B γ γ branching ra-
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tio turns out to be a function of gB∗Bpi and gB∗Bγ , which opens the possibility for their
determination, especially in particularly favorable regions of the [gB∗Bpi, gB∗Bγ ] parameter
space.
Our analysis singles out the neutral modes B∗0(D∗0)→ B0(D0) γ γ as the more rele-
vant ones in relation with the determination of the the couplings under consideration. In
addition to the direct radiative transition which is the sole contribution in neutral decays,
and on which we concentrate in this paper, there is also the two-photon decay arising from
bremsstrahlung in the charged B∗+(D∗+)→ B+(D+) γ channel. Since this radiation over-
whelms the direct mode, as we will show, one has to resort to the investigation of the neutral
modes if one aims for a cleaner determination of the strong couplings.
In section II we review the present status of the main decays of B∗ and D∗, with which
the rare two photon decays must be compared. In section III we present the theoretical
framework of our approach. Section IV contains the explicit treatment of the decay ampli-
tudes. In the last section we summarize our predictions and we discuss certain features of
the calculation.
II. THE EXPERIMENTAL AND THEORETICAL STATUS OF B∗ AND D∗
PRINCIPAL DECAYS
The vector mesons B∗ were firstly observed [1] by the CUSB collaboration at the Cor-
nell Electron Storage Ring (CESR) by detecting the photon signal from the radiative decay
B∗ → B γ . This signal of 46 MeV photons was confirmed in improved CUSB-II measure-
ments, with the vector mesons produced at CESR at the Υ(5S) resonance [2]. Recently the
process B∗ → B γ has been observed also at LEP with the various detectors [3] in a sample
of over 4 milion hadronic Z0 decays. The rate of the B∗-meson production relative to that
of B mesons is found generally to be consistent with the expectation from spin counting. It
is expected that this production rate will be maintained in future B experiments at hadron
machines, like BTeV at Fermilab and LHC at CERN, where samples of the order of 1010 B′s
3
are expected. Then, a fairly high sensitivity can be achieved in the study of B∗ decays and
measurements of B∗ branching ratios of the order 10−7 − 10−8 could be accessible.
In view of the small mass difference ∆M(B∗−B) = 45.78± 0.35 MeV [4], which forbids
strong B∗ decays,the electromagnetic transition B∗ → B γ appears as the main decay of B∗.
This decay has been studied in a variety of theoretical models, including quark models [5–7],
the chiral bag model [8] followed by effective chiral Lagrangian approaches for heavy and light
mesons [9–11], potential models [12,13] and QCD sum rules [14,15]. The predictions of these
calculations span a range of nearly one order of magnitude for the expected decay widths,
between Γ(B∗0(B∗+) → B0(B+)γ) = 0.04(0.10) KeV [14] and Γ(B∗0(B∗+) → B0(B+)γ) =
0.28(0.62) KeV [8], with most of the calculations [6,7,9,15] giving values closer to the larger
values of Ref. [8].
The D∗ meson was discovered more than twenty years ago [16] and has been subsequently
studied in several experiments at different accelerators e.g. [17–22]. The D∗+ (M = 2010.0±
0.5MeV) and D∗0 (M = 2006.7±0.5MeV) have relatively little phase space for strong decay
into D+π. The current PDG averages [4] for the measured branching ratios of the observed
decays are Br(D∗+ → D+π0) : Br(D∗+ → D0π+) : Br(D∗+ → D+γ) = (30.6 ± 2.5)% :
(68.3± 1.4)% : (1.1 + 2.1− 0.7)% and Br(D∗0 → D0π0) : Br(D∗0 → D0γ) = (61.9± 2.9)% :
(38.1±2.9)%. The most recent experiment onD∗+ decays [21] gives more accurate branching
ratios for the three decay channels as follow (30.7± 0.7)% : (67.6± 0.9)% : (1.7± 0.6)%.
Although there are, by now, good data on the branching ratios, there is still no absolute
measurement of any of the partial decay widths. The tightest upper limit has been estab-
lished by the ACCMOR Collaboration at CERN [22] from the measurement of 127 D∗+
events using a high-resolution silicon vertex detector, to be Γ(D∗+) < 131 KeV. The other
closest limit, obtained by the HRS collaboration [18], gives upper limits of 1.1 MeV and 2.1
MeV for the total decay widths of the charged and neutral D∗′ s.
The decays of D∗ have also been treated extensively in a plethora of theoretical models.
Many of the papers we mentioned concerning the B∗ decay [5–15] discuss also the D∗ decays.
In addition, we want to mention the early approaches [23,24] with effective Lagrangian
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including symmetry-breaking, a relativistic quark model [25], the study of D∗ decays using
the chiral-bag model which contains pion exchange effects (pion loops) [26], the use of QCD
sum rules [27], a chiral model with Mc →∞ [28] and the comprehensive analysis of Kamal
and Xu [29]. Recently [30], the strength of the various decay channels of D∗ has been
extracted from an analysis of the experimental branching ratios by the use of the chiral
perturbation theory.
In the D∗ case, the theoretical calculations again span an order of magnitude range for
the prediction of the absolute decay widths, from a small width of Γ(D∗0) ≃ (3 − 10) KeV
[14,28] to Γ(D∗0) ≃ (60− 120) KeV [9,24,25], including fairly large uncertainties. It should
be emphasized at this point that the chiral bag calculation (χ) has offered the best estimation
for the branching ratios [26] Brχ(D∗+ → D+π0) : Brχ(D∗+ → D0π+) : Brχ(D∗+ → D+γ) =
31.2% : 67.5% : 1.3% and Brχ(D∗0 → D0π0) : Brχ(D∗0 → D0γ) = 64.3% : 35.7%.
The recent experiments have confirmed [4,21] these relative ratios and dispersed the
puzzling features which prevailed previously concerning the radiative branching ratio and
the relative ratios of D∗+ strong channels (see, e.g. Ref. [29]). The prediction of the chiral
bag model [26] is Γ(D∗+ → all) = 79 KeV, Γ(D∗0 → all) = 59.4 KeV. Several of the other
calculations result in fairly similar values [5,6,29] as well as predicting for Γ(D∗0) a value
approximately 25% smaller than for Γ(D∗+). There are also calculations in which these
widths are nearly equal [11,14] or, on the contrary, calculations giving Γ(D∗+) to be at least
twice larger than Γ(D∗0) [15,27,28].
The experimental and theoretical survey we presented here is obviously of direct relevance
to our calculation as the absolute values of B∗ and D∗ widths will affect the probability of
the B∗ → B γ γ and D∗ → Dγ γ future detection.
III. A MODEL FOR TWO-PHOTON TRANSITION.
Substantial progress has been made in recent years in the treatment of the interactions
of heavy mesons containing a single heavy quark with low momentum pions, by the use of an
5
effective Lagrangian [31–33], the so-called “Heavy Meson Chiral Lagrangian” (HMχ L),which
embodies two principal symmetries of Quantum Chromodynamics (for a comprehensive
review of this theoretical framework and its applications, see [34]). At the leading order
in an 1/MH expansion (MH is the mass of the heavy meson) and the chiral limit for the
light quarks (ml → 0, l = u, d, s), the Lagrangian carries flavor and spin symmetry in the
heavy meson sector, as well as SU(3)L ⊗ SU(3)R chiral invariance in the light meson one.
We adopt this framework for the calculation of the processes we study here, namely the
B∗(D∗) → B(D)γγ decays, and we shall use it to display the possible usefulness of these
transitions for the determination of the gB∗Bpi , gD∗Dpi and gB∗Bγ couplings.
The heavy vector (B∗ or D∗) and pseudoscalar (B or D) mesons are represented by a
4× 4 Dirac matrix H , with one spinor index for the heavy quark and the second one for the
light degree of freedom.
H =
1+ 6 v
2
[
B∗µγ
µ −Bγ5
]
, H¯ = γ0H
†γ0, (3.1)
where v is the meson velocity, vµB∗µ = 0 and B
∗
µ, B are the respective annihilation
operators of the meson fields. We shall usually refer henceforth to B∗ → B γ γ with the
understanding that the same treatment holds for D∗ → Dγ γ . However we shall specify
the two channels separately when numerical or other specific features make it necessary.
The relevant interaction term of the HMχL, representing the coupling of heavy mesons
to an odd number of pions, is given by [31,32]
LintHMχL = gTr
(
H¯aγµγ5AµabHb
)
(3.2)
where the axial current Aµ is
Aµ = i
2
(
ξ†∂µξ − ξ∂µξ†
)
(3.3)
and ξ = exp(iM/f),withM being the usual 3×3 matrix describing the octet of pseudoscalar
Nambu-Goldstone bosons. The axial coupling constant g is one of the basic parameters of
HMχL, which is of direct import to our problem. a, b denote light quark flavours (a, b=1,2,3)
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and f is the pion decay constant, f = 132 MeV. Expanding the axial current and using the
first term Aµ = −(1/f)∂µM + .... one obtains the effective Lagrangian representing B∗B-
pion and B∗B∗-pion interactions, which are the relevant ones in our problem. Thus,
L1eff =
[
−2g
f
B∗µ∂
µMB† + h.c.
]
+
2gi
f
ǫαβµνB
∗β∂µMB∗†αvν . (3.4)
The dimensionless B∗Bπ coupling is defined as [34]
〈π(q)B¯(v1)|B∗(v2, ǫ2)〉 = gB∗Bpi(q2)qµǫµ2 (3.5)
where ǫµ is the polarization vector of B∗, with the physical coupling given by the limit
q2 → m2pi. We use the same normalization convention as in [34].
Throughout this work, we assume that the variation of gB∗Bpi with q
2 in the region of
our treatment can be safely neglected. Likewise, we define
〈π(q)B¯∗(v1, ǫ1)|B∗(v2, ǫ2)〉 = gB∗B∗pi(q2)ǫαβµνǫα1 ǫβ2qµvν1 , (3.6)
with the same remarks as above.
We also note that the isospin symmetry requires
gB∗Bpi ≡ gB∗+B0pi+ = −
√
2gB∗+B+pi0 =
√
2gB∗0B0pi0
= −gB∗0B+pi− (3.7)
and the gB∗Bpi so defined is the commonly used in the literature.
The (3.7) relation holds similarly for gB∗B∗pi, gD∗Dpi and gD∗D∗pi couplings.
Now, from (3.2)-(3.4), using the definition (3.5) one has
gB∗Bpi =
2MB
f
g = gB∗B∗pi
gD∗Dpi =
2MD
f
g = gD∗D∗pi. (3.8)
Note that, in deriving (3.8) one assumes B,B∗(D,D∗) mass degeneracy. In order to calculate
the B∗ → B γ γ decay width we use the interaction Lagrangian (3.4) to the leading order
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in chiral perturbation theory, which is an appropriate tool here, in view of the smallness of
MB∗ −MB.
The calculation of the radiative processes B∗(D∗) → B(D)γγ obviously requires the
incorporation of the electromagnetic interaction in our Lagrangian (3.4), which is per-
formed [30,35] by the usual procedure of gauging the Lagrangian with the U(1) photon
field. This leads to the replacement of the derivative operators in the Lagrangian by co-
variant derivatives containing the photon field, explicitly exhibited in [35]. Nevertheless,
the new Lagrangian still does not provide for couplings to induce the observed B∗ → B γ ,
D∗ → Dγmagnetic dipole transitions. This necessitates the introduction of an additional
term in the Lagrangian, a contact gauge invariant interaction proportional to the electro-
magnetic field Fµν , which is given by [30,35]
L = eµ
4
Tr
(
H¯aσµνFµνHbδab
)
, (3.9)
where µ is the strength of this anomalous magnetic dipole interaction, having mass dimension
[1/M ].
Additional terms arising from an 1/MH expansion exist [30,35], however several of them,
including the radiation of the heavy quark can be absorbed in equation (3.9) by redefining µ.
In the present paper, we shall consider µ as an effective coupling, representing the strength
of the B∗(D∗)B(D)γ transition.
Expanding H in terms of the components, one obtains for the additional electromagnetic
interaction
L2eff = −eµF µν
[
iB∗µ
†B∗ν + ǫαβµνv
α(B†B∗β + h.c.)
]
(3.10)
which exhibits B∗Bγ and B∗B∗γ couplings with equal strength, as given by the heavy
quark symmetry. From (3.10) we obtain the respective vertices, which are
〈γ(k, ǫ)B¯∗(v1, ǫ1)|B∗(v2, ǫ2)〉 = eµMB∗(ǫ1.kǫ.ǫ2 − ǫ2.kǫ.ǫ1) (3.11)
〈γ(k, ǫ)B¯(v1)|B∗(v2, ǫ2)〉 = −ieMB∗µǫµναβǫµkνvα2 ǫβ2 . (3.12)
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The propagator of the heavy vector meson is given by −i(gµν − vµvν)/2 [(v.k)−∆/4] ,
where ∆ =MB∗−MB and v, k are the velocity and the residual momentum. The propagator
of the heavy pseudoscalar meson is i/2 [(v.k) + 3∆/4] [34].
Now, considering Lagrangians (3.4) and (3.10), as well as the axial anomaly responsible
for the π0 → γγ, we classify the diagrams contributing to B∗ → B γ γ in the leading order
of chiral perturbation theory as follows:
There is the diagram B∗0 → B0“π” → B0γγ (Fig.1), via a virtual pion (the some-
what different situation in D∗ → Dγ γ will be analyzed in the last section). This diagram
contains the known strength of the pion axial anomaly. Then, there is the loop graph
B∗0 → (B∗+π−) → B0γγ (Fig.2), with the photons radiated from the virtual charged pion
in the loop, with additional graphs of the same class, as specified in the next section. The first
graph is proportional to the gB∗Bpi coupling, while the loop graph contains the gB∗BpigB∗B∗pi
product. In addition we have the tree level diagram with two insertions of the magnetic
operator defined in (3.10),leading to B∗0 → B∗0γ → B0γγ (Fig.3). This graph depends
only on the µ magnetic moment. Finally we have a class of one loop diagrams which involve
both the magnetic moment and the strong coupling, which is exhibited in Fig.(4-6). We did
not include the contribution of diagrams containing three heavy meson propagators which
is negligible. Needless to say, the determination of gB∗Bpi would be simpler, should the first
two graphs dominate. However, this is not true for D∗ decay, while it can be true for the
B∗ decay for an opportune range of parameters as we discuss in the next section.
We remark at this point that corrections to (3.2) which arise from higher terms in the
1/MH expansion as well as in chiral breaking have also been investigated [30,34,36,37]. A
comprehensive inclusion of these corrections in the calculation of the two-photon decays of
heavy vector mesons is beyond our scope in this first treatment of these processes. Neverthe-
less, we note that we shall use physical masses for the degenerate doublet of heavy mesons
both in the loop propagators and in the decay calculations, moreover the chiral loops in-
cluded are themselves of order 1/MH . The terms we include are the leading ones in chiral
perturbation theory, and are of the same order in an 1/Nc expansion; moreover to this order
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there are no counterterms [38].
It is appropriate to mention now that the gB∗Bpi, gD∗Dpi couplings were estimated in
recent years by the use of a variety of theoretical techniques, like QCD sum rules [14,27],
soft pion approximation [39] and other methods [9,10,30,36,37,40]. Generally, the values
of g obtained in these works are in the range g = 0.25 − 0.7, significantly smaller than
the quark model result of g = 1 or of modified quark models [24,41,42] which brought this
value slightly below one. The most recent determinations of g include an analysis [34] of
various theoretical approaches which leads to a “best estimate” of g = 0.38, a recent lattice
determination giving 0.42(4)(8) [43] and the analysis of Stewart [30] which incorporates
symmetry breaking terms in the Lagrangian and obtains g = 0.27+0.9−0.4.
Finally, the experimental limit Γ(D∗+) < 131 KeV [22] puts an upper limit of g < 0.71,
using Γ(D∗+ → D0π+ +D+π0) = (g2/4πf 2)|~ppi|3.
The existing theoretical estimates we mentioned, give 0.04KeV < Γ(B∗0 → B0 γ ) <
1KeV and 0.10KeV < Γ(B∗+ → B+ γ ) < 1KeV, where we allowed for a slightly higher
upper limit. We redefine the magnetic coupling in eq.(3.10) to a dimensionless quantity
µ¯ = MB∗µ = gB∗0B0γ, and µ¯+ = MB∗µ+ = gB∗+B+γ, then the above limits give the following
ranges, 2.2 < µ¯ < 11.0, and 3.5 < µ¯+ < 11.0.
IV. THE DECAY AMPLITUDES.
We present now the explicit expressions of the decay amplitudes, which in our approach,
to leading order in chiral perturbation theory, consist of the contribution of the anomaly
graph (Fig. 1), the tree level graph (Fig.3) and the loop graphs (Figs. 2,4-6).
In presenting the differential decay distribution, we use the following variables:
s = (p− p′)2 = (k1 + k2)2
t = (p− k1)2 = (p′ + k2)2
u = (p− k2)2 = (p′ + k1)2 (4.1)
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with
t+ s+ u = M2B∗ +M
2
B, (4.2)
where k1, k2 are the four momenta of the two photons and p, p
′ are the four-momenta of the
decaying B∗ and the final B respectively. The allowed ranges for s and t are
0 ≤ s ≤ (MB∗ −MB)2, t− ≤ t ≤ t+
t± =
1
2
[
(M2B∗ +M
2
B − s)±
√
(M2B∗ +M
2
B − s)2 − 4M2B∗M2B
]
. (4.3)
The amplitudes are given forB∗0 → B0 γ γ and we shall remark on the changes appearing
in D∗0 → D0 γ γ whenever required. The amplitude from the anomaly graph, mediated by
a pion is:
Aanomaly(B
∗0 → B0 γ γ ) = αgB∗Bpi√
2πf
ǫµB∗ǫ
λ
1ǫ
γ
2
1
s−m2pi
ǫλγτρk
τ
1k
ρ
2(k1 + k2)µ, (4.4)
where ǫB∗ , ǫ1, ǫ2 are the polarization vectors of the heavy vector meson B
∗ and the two
photons respectively. There are additional contributions from η, η′ which are not specified
in (4.4). As we shall describe in the next section, their contribution is rather small and we
may safely neglect them at this stage.
For the tree level graph we find
Atree(B
∗0 → B0 γ γ ) = 4παµ¯
2
M∗B
ǫγδαβǫB∗σp
′α
[
ǫγ2k
δ
2(ǫ
σ
1k
β
1 − ǫβ1kσ1 )
t−M2B∗
+
ǫγ1k
δ
1(ǫ
σ
2k
β
2 − ǫβ2kσ2 )
u−M2B∗
]
(4.5)
The loop contribution which depends only on the strong coupling is given by a sum of
several diagrams. In addition to that explicitly shown in Fig.2 there are diagrams with one
photon radiated by the virtual pion in the loop and the other emitted from the B∗B∗π,
B∗Bπ vertices or both photons emitted from these vertices, or both photons emitted from
the loop by the ππγγ vertex. In the limit of photon momenta small compared to the pion
mass, which we find to be a suitable approximation, the class of diagrams of Fig.2 gives
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A1loop(B
∗0 → B0 γ γ ) = αgB∗BpigB∗B∗pi
8πMB∗
ǫµηαβǫ
µ
B∗v
βǫλ1ǫ
γ
2(k1 + k2)
η
×
[
3
(
gαγ vλ + g
α
λvγ
)
+
1
9mpi
(
gαγ k2λ + g
α
λk1γ
)]
. (4.6)
Finally other loop contributions to the B∗ → B γ γ decay come from diagrams where
both the strong coupling and the magnetic one are involved. There are diagrams with one
photon radiated by the virtual pion in the loop and the other emitted from the ingoing
B∗ particle through the B∗B∗(B)γ vertices (Fig.4), or from the outgoing particle B∗ which
becomes B through the B∗Bγ vertex (Fig.5), or from the B in the loop which becomes B∗
through the B∗Bγ vertex (Fig.6).
The amplitude corresponding to Fig.4 with a B∗B∗γ vertex is:
A2loop(B
∗0 → B0 γ γ ) = 11α(MB∗ −MB)gB∗B∗pigB∗Bpiµ¯
16πM2B∗
ǫασγδ[
(kα1 (ǫB∗ .ǫ1)− ǫα1 (ǫB∗ .k1))
(p− k1)δǫγ2kσ2
t−M2B∗
+ (kα2 (ǫB∗ .ǫ2)− ǫα2 (ǫB∗ .k2))
(p− k2)δǫγ1kσ1
u−M2B∗
]
(4.7)
The amplitude corresponding to Fig.4 where a B∗Bγ vertex replaces the B∗B∗γ appear-
ing in Fig.4, is
A3loop(B
∗0 → B0 γ γ ) = 9αm
2
pig
2
B∗Bpiµ¯
4πMB∗
ǫµναβǫ
ν
B∗v
αvγ[
ǫµ1k1
βǫγ2
t−M2B∗
+
ǫµ2k2
βǫγ1
u−M2B∗
]
(4.8)
The amplitude corresponding to Fig.5 with B in the loop is:
A4loop(B
∗0 → B0 γ γ ) = 3αm
2
pig
2
B∗Bpiµ¯
8πM2B∗
ǫµναρǫ
σ
B∗(g
ρ
γvσ + g
ρ
σvγ)[
(p− k1)αǫµ2kν2ǫγ1
t−M2B∗
+
(p− k2)αǫµ1kν1ǫγ2
u−M2B∗
]
(4.9)
and the one with B∗ in the loop is
A5loop(B
∗0 → B0 γ γ ) = 3αm
2
pig
2
B∗B∗piµ¯
16πM3B∗
ǫαβγδǫ
β
B∗v
δǫηαξρǫµνση(g
γρvτ + g
γ
τ v
ρ)
[
(p− k1)ξ(p− k1)σǫτ1ǫµ2kν2
t−M2B∗
+
(p− k2)ξ(p− k2)σǫµ1ǫτ2kν1
u−M2B∗
]
(4.10)
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Finally the amplitude corresponding to Fig.6 is:
A6loop(B
∗0 → B0 γ γ ) = 11αg
2
B∗Bpiµ¯+
24πM3B∗
ǫµναβǫ
σ
B∗
[
1
3
(k1 + k2)σǫ
α
1 ǫ
µ
2k
ν
1k
β
2
+
1
2
pα
[
ǫµ2k
β
2 (ǫ1σk
ν
1 + ǫ
ν
1k1σ) + ǫ
µ
1k
β
1 (ǫ2σk
ν
2 + ǫ
ν
2k2σ)
]]
. (4.11)
In the B∗ decay, the pions are the sole contributions in the loop, while in the
D∗ → Dγ γ calculation we include both pions and kaons.
Let us call A the sum of all the amplitudes:
A = Aanomaly +Atree +Aloops (4.12)
where Aloops is the sum of all the amplitudes A
i
loops, i = 1, ..., 6 which come from the loops.
The square of the above amplitude, when averaged over the initial spin and summed
over the final spins is:
|A¯|2 = 1
2
∑
spins
|A|2, (4.13)
where we have included the factor 1
2
in order to take into account two identical particles
in the final state.
The differential decay rate of photon energy is obtained by integrating the following
expression over the variable t,
dΓ
ds
=
1
(2π)3
1
32M3B∗
∫ t+
t−
|A¯|2dt. (4.14)
There is a major difference in the anomaly contribution of the B∗ and D∗ decays. Since
the π0 appears in the physical region in the D∗0 → D0 π0 decay we have to isolate the on-
shell π0 decay in the D∗0 → D0 γ γmode. Hence, for the D∗ case we limit ourselves in the
integration of dΓ/ds to a region which goes from s = 0 up to 20 MeV away from the pion
mass.
Using now the physical masses of MB∗ ,MB,MD∗MD [4] and the eq.(3.8) we obtain for
the decay rates of B∗ → B γ γ , the following expression:
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Γ(B∗ → B γ γ ) = 3.40× 10−16g2 + 1.53× 10−12g4 + 4.81× 10−17g3µ¯
+ 1.53× 10−13g4µ¯+ 4.71× 10−17gµ¯2 + 9.81× 10−14g4µ¯2
+ 2.65× 10−16g2µ¯3 + 1.38× 10−16µ¯4 + 2.67× 10−16g3µ¯+
+ 2.90× 10−17g4µ¯+ + 8.94× 10−20g4µ¯µ¯+
+ 9.11× 10−20g2µ¯2µ¯+ + 7.21× 10−17g4µ¯2+. (4.15)
As we can see this is a function of both the strong coupling g and the magnetic dipole strength
µ¯, µ¯+ which represent the effective gB∗0B0γ and gB∗+B+γ couplings. For the D
∗ → Dγ γ we
have:
Γ(D∗ → Dγ γ ) = 2.52× 10−11g2 + 5.85× 10−10g4 + 1.79× 10−12g3µ¯
+ 4.43× 10−11g4µ¯+ 1.30× 10−12gµ¯2 + 3.50× 10−11g4µ¯2
+ 2.42× 10−13g2µ¯3 + 2.18× 10−12µ¯4 + 1.01× 10−11g3µ¯+
+ 2.95× 10−13g4µ¯+ + 2.11× 10−14g4µ¯µ¯+
+ 1.70× 10−14g2µ¯2µ¯+ + 2.05× 10−12g4µ¯2+. (4.16)
In this case we can relate the magnetic coupling to the strong coupling using the existing
experimental informations on Γ(D∗0 → D0 π0 ) : Γ(D∗0 → D0 γ ) of (61.9± 2.9)% : (38.1±
2.9)%, which gives rise to the relation: µ¯ ≃ 6.6g, and Γ(D∗+ → D0 π+ ) : Γ(D∗+ → D+ γ )
of (67.6 ± 0.9)% : (1.7 ± 0.6)%, which gives rise to the relation: µ¯+ ≃ 1.7g. Then we can
write the decay width solely as a function of g, which is a crucial step in the engagement of
this decay as a tool for measuring g.
Γ(D∗ → Dγ γ ) = 2.52× 10−11g2 + 5.66× 10−11g3
+ 4.76× 10−9g4 + 3.64× 10−10g5 + 1.53× 10−9g6. (4.17)
We used in eqs.(4.15)-(4.16) the same notation of µ, µ+ for the magnetic moment strength
in both the charmed and beauty sectors although they are probably not equal for the physical
processes. However since in the charm case, the magnetic coupling has been related to the
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strong one, the µ, µ+ will denote in the rest of the paper the strength of the B
∗0,+ → B0,+γ
transitions.
The experimentally measured branching ratios ofD∗ → Dπ , D∗ → Dγ lead to relations
between µ¯, µ¯+ and g modulo an unknown phase. We have allowed also for the possibilities
of negative relative signs among µ¯, µ¯+ and g and as it turns out, this affects only slightly the
numerical picture, due to the fact that the main contribution is given by quadratic terms.
In eq.(4.18) we give for comparison the expression obtained for µ¯ = −6.6g, µ¯+ = −1.7g.
Γ(D∗ → Dγ γ )µ¯=neg = 2.52× 10−11g2 + 5.66× 10−11g3
+ 4.70× 10−9g4 − 3.64× 10−10g5 + 1.53× 10−9g6. (4.18)
This ambiguity will be further discussed in the next section. The difference between the
rates of B∗ and D∗ is mainly due to the different phase space.
In discussing the two photon radiative decays, we shall refer in the next section to the
following quantities
BR(B∗ → B γ γ ) = Γ(B
∗0 → B0 γ γ )
Γ(B∗0)
=
Γ(B∗0 → B0 γ γ )
Γ(B∗0 → B0 γ ) (4.19)
BR(D∗ → Dγ γ ) = Γ(D
∗0 → D0 γ γ )
Γ(D∗0)
=
Γ(D∗0 → D0 γ γ )
Γ(D∗0 → D0 γ ) + Γ(D∗0 → D0 π0 ) . (4.20)
V. DISCUSSION AND CONCLUSIONS.
The formalism we have presented refers to the decays of the neutral heavy vector
mesons B∗0, D∗0, as it will the numerical analysis of our results, which will be given be-
low. For the charged decays, B∗+ → B+ γ γ and D∗+ → D+ γ γ one has to consider also
the bremsstrahlung emission which appears in diagrams of Fig.3 and Fig.4 and additional
ones.The bremsstrahlung radiation comes from the initial or the final charged particles. To
give an idea of this effect we have calculated the part of the bremsstrahlung amplitude which
is due to radiation from the final B+ particle in the amplitude B∗+ → (B+γ)→ B+γγ. It is
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AB
+
brem = 4παgB∗Bγǫ
µ
B∗ǫ
λ
1ǫ
γ
2p
α

ǫλµαβkβ1 p′γ
(t−M2B)
+
ǫγµαρk
ρ
2p
′
λ
(u−M2B)

 . (5.1)
This amplitude (and the ones given by B∗+ radiation) have to be added in order to get the
full amplitude for the B∗+ → B+ γ γ decay. An estimate of the bremsstrahlung decay width,
from (5.1) only, using for the unknown gB∗Bγ vertex a value leading to Γ(B
∗+ → B+ γ ) =
0.14 KeV [34] leads to a decay width of ∼ 10−9 GeV for k1, k2 ≥ 10 MeV, considerably
larger than (4.15). The use of the charged B∗+ → B+ γ γ thus involves a different type of
analysis in view of the relative size of the different components of |A(B∗+ → B+ γ γ )|2 and
is less useful for a determination of g. A similar situation is encountered for D∗+ → D+ γ γ .
Thus, we concentrate here on the “safer” neutral decays and we relegate the discussion of the
charged decays to a separate work, in which we consider the usefulness of Γ(B∗+ → B+ γ γ )
for the determination of gB∗+B+γ [45].
We proceed now to analyse the results on the two decays separately and we start with
D∗0 → D0 γ γ transition for which the rate (4.17) was obtained.
The many theoretical estimates for g we mentioned in Sec.3 are spread over the range
0.25 < g < 1 (we also remind the reader that the experimental result [22] on the upper limit
of Γ(D∗+ → all) can be interpreted as g < 0.71). Using this range and, eqs.(4.17),(4.18) we
can establish the expectation
Γ(D∗0 → D0 γ γ ) ≃ (0.022− 6.73)eV. (5.2)
The most promising feature of the present analysis arises when we use the existing experi-
mental informations on Γ(D∗0 → D0 π0 ) : Γ(D∗0 → D0 γ ) of (61.9± 2.9)% : (38.1± 2.9)%
to transform eq.(4.20) into a ratio of Γ(D∗0 → D0 γ γ ) to the totalD∗0 width which becomes
proportional to g2.
Using
Γ(D∗0 → D0 π0 ) = 1
12π
g2
f 2
|~ppi|3 = 1.25× 10−4g2GeV (5.3)
and the (61.9± 2.9)% : (38.1± 2.9)% relative branching ratio, we arrive at
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Γ(D∗0 → all) = (2.02± 0.12)× 10−4g2GeV. (5.4)
Thus from (5.4) with (4.17) we can obtain a branching ratio which depends on g2 only:
Br(D∗0 → D0 γ γ ) = (0.025 + 0.057g + 4.76g
2 + 0.36g3 + 1.53g4)× 10−9g2
2.02× 10−4g2 . (5.5)
With our model for D∗0 → D0 γ γ , the measurement of this ratio will thus constitute a
measurement of the g coupling. Using again the accepted expectation of 0.25 ≤ g ≤ 1, we
predict
Br(D∗ → Dγ γ ) = Γ(D
∗0 → D0 γ γ )
Γ(D∗)
= (0.16− 3.3)× 10−5. (5.6)
A few remarks are in order. Firstly, the sign question The observed branching ratios
do not afford to estabilish experimentally the sign of g/gD∗0D0γ . On the other hand, there
is theoretical support from the analysis of Stewart [30] on the positive sign of this ratio.
However even if we assume opposite sign for various pairs of the couplings, we found that
the changes are rather small, and this is explicitly exhibited in Table 2, and included in
Eq.(5.6).
The differential distribution in the s-variable can also be used to learn about the value
of g, due to the fact that the different contributions depend on different powers of g. Finally
we remark that the contributions from the diagrams exhibited in Fig.4 are rather small, as
a result of two heavy propagators. The main contributions are those of the anomaly and of
the graphs of Fig.(2) and (3). In Figs.(7) and (8) we present the differential distributions
in s for g = 0.7 and g = 0.25. In the latter, the contributions containing a higher power
of g are diminished and the effect of the anomaly becomes visible in the higher end of the
spectrum.
Turning now to the B∗ → B γ γ , we have a rather different situation. Firstly, there
is only one major decay of B∗, namely B∗ → B γ , which precludes an analysis like in D∗
decays. The branching ratio (4.19) depends on three parameters, gB∗Bpi (or g), gB∗0B0γ (or
µ) and gB∗+B+γ (or µ
+). At this point, we rely on the theoretical estimates presented in
Section 2 and contain our analysis to the regions given by existing calculations.
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Now, an inspection of eq.(4.16) shows that µ+, which appears only in diagram of Fig.6
has a very little effect on the rate, whether µ, µ+ are at the lowest or at the highest end of
their value, for any value of g. Hence, we continue our analysis in the parameter space of
[g, µ] only.
In table 2 we present the values of Br(B∗ → B γ γ ) for different values of g and the two
extreme values of µ, corresponding to Γ(B∗ → B γ ) = 40eV and 1KeV. Again, assuming
that relative negative signs are possible we give in the last column the Br for µ = −2.2.
Clearly, a branching ratio in the 10−7−10−6 range will not allow to pinpoint accurate values
for the two couplings.
Nevertheless if the branching ratio turns out to be in the 10−5 range, it can only be
caused by large values of g, say g > 0.6.
We wish also to mention an additional scenario: the g coupling will probably be measured
directly in D∗ decays, or indirectly from Br(D∗0 → D0 γ γ ) or other methods. With this
knowledge, Br(B∗0 → B0 γ γ ) becomes a function of gB∗0B0γ only and it could provide the
desirable measurement of this coupling. This is a very interesting issue, since as pointed
out already some time ago [26], there is no other possibility of measuring the width of the
B∗ → B γ decay with presently known techniques.
In Figs.(9),(10) and (11) we give the differential distribution of dΓ(B∗ → B γ γ )/ds for
g = 0.5 and three different values of µ. Clearly, once g is known one may use accurate
differential distributions to distinguish between different µ values.
At this point we also wish to make some remarks on the similar decays of the strange
heavy vector mesons, B∗s
0 → B0s γ γ and Ds∗+ → D+s γ γ which were not mentioned so
far. In both these cases the pion anomaly is further suppressed, since B∗s
0 → B0s π0, D∗s+ →
D+s π
0 can proceed only by isospin violation, e.g. via η−π0 mixing. On the other hand, both
decays can proceed via chiral loops with charged K-mesons in the loops, B∗0s → (K+B∗−)→
B0s γ γ and D
∗+
s → (K+D∗0) → D+s γ γ. However, one must add that for D∗+s → D+s γ γ
there is the complication of the bremstrahlung and we shall disregard it here.
We calculated therefore only the B∗0s → B0sγγ decay, and the situation is quite similar
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to that encountered in B∗0 decay; therefore we do not repeat this analysis here.
Before concluding we comment on a few points which were neglected in our treatment.
1 We calculated also the contribution to the anomaly term of a virtual η exchange for
the D∗ → Dγ γ decay. The inclusion of η modifies our result in eq.(4.16) by a factor
of
(
1 +
gD∗Dη
10gD∗Dpi
)
. Since gD∗Dη and gD∗Dpi are expected to be comparable, this is a small
effect.
2 We neglected the off-shell q2-dependence of the anomaly which could have some effect,
especially in the D∗-decay. This should be included in a more detailed treatment.
To summarize, we have used the Heavy Meson Chiral Lagrangian to present the first
treatment of the rare B∗0 → B0 γ γ , D∗0 → D0 γ γ decays. The decay rates depend on
the strong gB∗Bpi , gD∗Dpi couplings and on the strength of the magnetic dipole transitions
gB∗Bγ , gD∗Dγ . The strong couplings are expressed in the chiral Lagrangian by the strong axial
coupling g.
We have shown that Br(D∗0 → D0 γ γ ) can be given as a function of g only, and as such,
it would provide an appropriate tool for its measurement. For the conventionally envisaged
range 0.25 < g < 1 we calculated 1.6× 10−6 < Br(D∗0 → D0 γ γ ) < 3.3× 10−5.
On the other hand, Br(B∗0 → B0 γ γ ) is a function of gB∗Bpi , gB∗0B0γ and gB∗+B+γ. The
latter coupling has little effect on the branching ratio. Nevertheless, one cannot determine
specific values for the first two couplings from the measured branching ratio, unless g is in
the higher part of its expected range, say 0.6− 1.
The differential dΓ/ds distributions in both cases can be used as additional help for
extracting the values of the coupling constants. If the value of gB∗Bpi will turn out to
be in the “measurable” range, it will be of great interest to check the HMχL relation
gB∗Bpi /gD∗Dpi = MB/MD.
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TABLE I. Predictions for the various D∗ → Dγγ decay for various values of g (eqs.(5.9) and
(5.12))
g BR(D∗)(µ¯ = 6.6g, µ¯+ = 1.7g) BR(D
∗)(µ¯ = −6.6g, µ¯+ = −1.7g)
g = 0.25 1.7× 10−6 1.7× 10−6
g = 0.38 3.9× 10−6 3.7× 10−6
g = 0.5 6.9× 10−6 6.3× 10−6
g = 0.7 1.4× 10−5 1.3× 10−5
g = 1 3.3× 10−5 2.9× 10−5
TABLE II. Predictions for the various B∗ → Bγγ decay different values of g and µ
g BR(B∗)(µ¯ = 2.2) BR(B∗)(µ¯ = 11.0) BR(B∗)(µ¯ = −2.2)
g = 0.25 3.1× 10−7 1.9 × 10−6 2.4× 10−7
g = 0.38 1.3× 10−6 2.2 × 10−6 9.4× 10−7
g = 0.5 3.7× 10−6 2.9 × 10−6 2.7× 10−6
g = 0.7 1.4× 10−5 5.5 × 10−6 9.2× 10−6
g = 1 4.8× 10−5 9.0 × 10−6 3.8× 10−5
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FIG. 1. The anomaly graph for B∗(D∗)→ B(D)γγ.
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FIG. 2. Loop graph for B∗(D∗)→ B(D)γγ which depends only on the strong coupling. Addi-
tional graphs of this kind are discussed in the text.
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FIG. 3. Tree graph for B∗(D∗)→ B(D)γγ.
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FIG. 4. Loop graph for B∗(D∗) → B(D)γγ wich involve both the magnetic and the strong
couplings. Instead of B∗(D∗) in the first propagator we can have B(D).
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FIG. 5. Loop graph for B∗(D∗) → B(D)γγ wich involve both the magnetic and the strong
couplings. Instead of B∗(D∗) in the loop we can have B(D).
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couplings.
2 4 6 8 10 12
s (10^-3 GeV^2)
45
50
55
60
65
70
d
G
(s
)/
ds
 (
eV
) 
 
 
FIG. 7. The differential decay width dΓ(D∗ → Dγ γ )/ds (eV) as a function of s with the value
g = 0.7.
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FIG. 8. The differential decay width dΓ(D∗ → Dγ γ )/ds (eV) as a function of s with the value
g = 0.25.
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FIG. 9. The differential decay width dΓ(B∗ → B γ γ )/ds (eV) as a function of s with the value
g = 0.5 and µ = 2.2.
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FIG. 10. The differential decay widths dΓ(B∗ → B γ γ )/ds (eV) as a function of s, with the
value g = 0.5 and µ = 5.7.
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FIG. 11. The differential decay widths dΓ(B∗ → B γ γ )/ds (eV) as a function of s, with the
value g = 0.5 and µ = 11.0.
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